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Introduction
In the email discussion [91-NR-04], indication of cell-defining SS/PBCH block in PBCH has been discussed and the following agreement has been made [1].
	Agreements:
· For an SSB on the sync raster, the indication of no associated RMSI is done using reserved value(s) in SSB-subcarrier-offset. If no RMSI present, RMSI-PDCCH-Config is used to signal the next sync raster that UE should search for cell-defining SSB.



In the last meeting, the following conclusion has been made [2].
	Conclusion:
Regarding signaling the valid search raster:
· No additional signaling entries in the PBCH (for example cellBarred, intraFreqReselection) are to be used to inform the UE of the valid raster
· The indication is only for the same frequency band



Based on the above agreement and conclusion, we discuss on the remaining issues on the indication and propose how to indicate the sync raster for cell-defining SS/PBCH block via PBCH.
Indication of cell-defining SS/PBCH block
Remaining issues on the indication of cell-defining SS/PBCH block
There are several remaining issues on the indication of cell-defining SS/PBCH block in PBCH as follows [3]:
	Based on the online agreement, the following should be discussed:
· Select between:
· Alt1: Signaling of the absolute raster position within the frequency band
· Alt2: Signaling of the raster position relative to the found raster position
· Should signaling of no RMSI present within the signaling range be supported? 
· Should the ±5 kHz offset be indicated in FR1?



Regarding the first point, we prefer to signal the absolute raster position within the frequency band since it requires less signalling overhead. If it is assumed that 100 entries for sync raster, in case of relative raster position to the found raster position, it needs to support from -99 to +99. On the other hand, in case of the absolute raster position, it only needs to support 0 to 99. Indication of absolute position will be also beneficial when additional offsets are existed. If additional offsets are existed, the indication of relative position with the offsets might cause the ambiguity to find the exact sync raster position since a UE cannot guarantee whether the found raster position is shifted by the offset or not.
Regarding the second point, according to the above conclusion, the indication is only for the same frequency band. By reusing of 8 bits for RMSI CORESET configuration, the signalling range can cover the entire frequency range in each frequency band. However, other usage of indication, for example, no available sync raster is existed in the frequency band (e.g., NSA) should be supported.
Regarding the last point, if the offsets (±5kHz) are still remained, the indication of the offsets will be helpful to find the exact sync raster for cell-defining SS/PBCH block.
Therefore, we suggest the following proposal for the remaining issues:
Proposal 1: Regarding remaining issues, we prefer the followings:
· Support the indication of absolute position for sync raster
· Support the signalling of no RMSI present within the signalling range
· Support the signalling of the ±5kHz offsets

For your information, the frequency ranges and bandwidths in each band for frequency range 1 and 2 are given in Table 1 and Table 2 [4][5].
[bookmark: _Ref506394474][bookmark: _Ref506365620]Table 1. NR operating bands and bandwidths in FR1
	NR Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode
	(DL) bandwidth
(MHz)

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	
	

	n1
	1920MHz – 1980MHz
	2110MHz – 2170MHz
	FDD
	60

	n2
	1850MHz – 1910MHz
	1930MHz – 1990MHz
	FDD
	60

	n3
	1710MHz – 1785MHz
	1805MHz – 1880MHz
	FDD
	75

	n5
	824MHz – 849MHz
	869MHz – 894MHz
	FDD
	25

	n7
	2500MHz – 2570MHz
	2620MHz – 2690MHz
	FDD
	70

	n8
	880MHz – 915MHz
	925MHz – 960MHz
	FDD
	35

	n20
	832MHz – 862MHz
	791MHz – 821MHz
	FDD
	30

	n28
	703MHz – 748MHz
	758MHz – 803MHz
	FDD
	45

	n38
	2570MHz – 2620MHz
	2570MHz – 2620MHz
	TDD
	50

	n41
	2496MHz – 2690MHz
	2496MHz – 2690MHz
	TDD
	194

	n50
	1432MHz – 1517MHz
	1432MHz – 1517MHz
	TDD
	85

	n51
	1427MHz – 1432MHz
	1427MHz – 1432MHz
	TDD
	5

	n66
	1710MHz – 1780MHz
	2110MHz – 2200MHz
	FDD
	90

	n70
	1695MHz – 1710MHz
	1995MHz – 2020MHz
	FDD
	25

	n71
	663MHz – 698MHz
	617MHz – 652MHz
	FDD
	35

	n74
	1427MHz – 1470MHz
	1475MHz – 1518MHz
	FDD
	43

	n75
	N/A
	1432MHz – 1517MHz
	SDL
	85

	n76
	N/A
	1427MHz – 1432MHz
	SDL
	5

	n78
	3300MHz – 3800MHz
	3300MHz – 3800MHz
	TDD
	500

	n77
	3300MHz – 4200MHz
	3300MHz – 4200MHz
	TDD
	900

	n79
	4400MHz – 5000MHz
	4400MHz – 5000MHz
	TDD
	600

	n80
	1710MHz – 1785MHz
	N/A
	SUL
	

	n81
	880MHz – 915MHz
	N/A
	SUL
	

	n82
	832MHz – 862MHz
	N/A
	SUL
	

	n83
	703MHz – 748MHz
	N/A
	SUL
	

	n84
	1920MHz – 1980MHz
	N/A
	SUL
	



[bookmark: _Ref506394475]Table 2. NR operating bands and bandwidths in FR2
	NR Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode
	(DL) bandwidth
(MHz)

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	
	

	n257
	26500 MHz – 29500 MHz 
	26500 MHz – 29500 MHz 
	TDD
	3000

	n258
	24250 MHz – 27500 MHz
	24250 MHz – 27500 MHz
	TDD
	3250

	n260
	37000 MHz – 40000 MHz
	37000 MHz – 40000 MHz
	TDD
	3000



How to signal the indication of cell-defining SS/PBCH block
Based on the above discussions, we propose how to signal the indication of cell-defining SS/PBCH block in this section. In our proposal, some of reserved value(s) in SSB-subcarrier-offset can be used for indicating no associated RMSI transmission. At the same time, the values in SSB-subcarrier-offset can be also used for scaling factor(s) and/or offset(s) depending on frequency bands. In case of scaling factor, it will be needed to cover the out of range of 8 bits in in RMSI-PDCCH-Config (0 – 255). Offsets will be needed when the additional offsets are existed on the top of sync raster interval (e.g., for 0 – 2.65GHz range). By substituting the scaling factor(s) and/or offset(s), and the values (0 – 255) expressed by 8 bits in RMSI-PDCCH-Config into the following equation, the sync raster of cell-defining SS/PBCH block can be indicated.
                                                     (1)
where  is the absolute sync raster position for cell-defining SS/PBCH block,  is the value within 0 – 255 range expressed by 8 bits in RMSI-PDCCH-Config,  is the minimum interval between two adjacent sync rasters, and  and  are the scaling factor and the offset respectively from reserved values(s) in SSB-subcarrier-offset. If there is the only value for scaling factor or offset in SSB-subcarrier-offset, the remaining parameter (scaling or offset) is set to zero. With this approach, 8 bits in RMSI-PDCCH-Config can be used directly without defining any additional tables for 8 bits in RMSI-PDCCH-Config.
0 – 2.65GHz frequency range
[bookmark: _GoBack]For the 0 – 2.65GHz range, the minimum sync raster interval is 900kHz and ±5kHz offset(s) is also applied on the top of 900kHz sync raster interval. In the frequency bands within the 0 – 2.65GHz range, with the 900kHz interval, approximately 6 – 100 entries will be needed in order to cover the entire frequency ranges according to Table 1. Therefore, no additional scaling factor is needed. However, in the frequency bands, indication of additional offsets (±5kHz) is needed. Thus, the case 1 of Table 3 can be used to indicate sync raster of cell-defining SS/PBCH block in the frequency bands.
[bookmark: _Ref506365632]Table 3. Scaling factors and offset for below 6GHz
	Case 1: 0 – 2.65GHz range
	Case 2: Below 6GHz within 2.4 – 24.25GHz
(For n41, 77, 78, 79)

	MSB
	
	
	
	LSB
	value
	scaling factor
and/or
offset
	MSB
	
	
	
	LSB
	value
	scaling factor
and/or
offset

	0
	0
	0
	0
	0
	0
	N/A
	0
	0
	0
	0
	0
	0
	N/A

	0
	0
	0
	0
	1
	1
	N/A
	0
	0
	0
	0
	1
	1
	N/A

	0
	0
	0
	1
	0
	2
	N/A
	0
	0
	0
	1
	0
	2
	N/A

	0
	0
	0
	1
	1
	3
	N/A
	0
	0
	0
	1
	1
	3
	N/A

	0
	0
	1
	0
	0
	4
	N/A
	0
	0
	1
	0
	0
	4
	N/A

	0
	0
	1
	0
	1
	5
	N/A
	0
	0
	1
	0
	1
	5
	N/A

	0
	0
	1
	1
	0
	6
	N/A
	0
	0
	1
	1
	0
	6
	N/A

	0
	0
	1
	1
	1
	7
	N/A
	0
	0
	1
	1
	1
	7
	N/A

	0
	1
	0
	0
	0
	8
	N/A
	0
	1
	0
	0
	0
	8
	N/A

	0
	1
	0
	0
	1
	9
	N/A
	0
	1
	0
	0
	1
	9
	N/A

	0
	1
	0
	1
	0
	10
	N/A
	0
	1
	0
	1
	0
	10
	N/A

	0
	1
	0
	1
	1
	11
	N/A
	0
	1
	0
	1
	1
	11
	N/A

	0
	1
	1
	0
	0
	12
	N/A
	0
	1
	1
	0
	0
	12
	N/A

	0
	1
	1
	0
	1
	13
	N/A
	0
	1
	1
	0
	1
	13
	N/A

	0
	1
	1
	1
	0
	14
	N/A
	0
	1
	1
	1
	0
	14
	N/A

	0
	1
	1
	1
	1
	15
	N/A
	0
	1
	1
	1
	1
	15
	N/A

	1
	0
	0
	0
	0
	16
	N/A
	1
	0
	0
	0
	0
	16
	N/A

	1
	0
	0
	0
	1
	17
	N/A
	1
	0
	0
	0
	1
	17
	N/A

	1
	0
	0
	1
	0
	18
	N/A
	1
	0
	0
	1
	0
	18
	N/A

	1
	0
	0
	1
	1
	19
	N/A
	1
	0
	0
	1
	1
	19
	N/A

	1
	0
	1
	0
	0
	20
	N/A
	1
	0
	1
	0
	0
	20
	N/A

	1
	0
	1
	0
	1
	21
	N/A
	1
	0
	1
	0
	1
	21
	N/A

	1
	0
	1
	1
	0
	22
	N/A
	1
	0
	1
	1
	0
	22
	N/A

	1
	0
	1
	1
	1
	23
	N/A
	1
	0
	1
	1
	1
	23
	N/A

	1
	1
	0
	0
	0
	Reserved
	N/A
	1
	1
	0
	0
	0
	Reserved
	N/A

	1
	1
	0
	0
	1
	Reserved
	N/A
	1
	1
	0
	0
	1
	Reserved
	N/A

	1
	1
	0
	1
	0
	Reserved
	N/A
	1
	1
	0
	1
	0
	Reserved
	N/A

	1
	1
	0
	1
	1
	Reserved
	N/A
	1
	1
	0
	1
	1
	Reserved
	N/A

	1
	1
	1
	0
	0
	Reserved
	N/A
	1
	1
	1
	0
	0
	Reserved
	N/A

	1
	1
	1
	0
	1
	No RMSI
	{M2=0, O2=-5}
	1
	1
	1
	0
	1
	No RMSI
	{M2=2, O2=0}

	1
	1
	1
	1
	0
	No RMSI
	{M1=0, O1=5}
	1
	1
	1
	1
	0
	No RMSI
	{M1=1, O1=0}

	1
	1
	1
	1
	1
	No RMSI
	{M0=0, O0=0}
	1
	1
	1
	1
	1
	No RMSI
	{M0=0, O0=0}



2.4 – 24.25GHz frequency range
In the frequency bands within the 2.4 – 24.25GHz, the sync raster interval is 1.44MHz and no additional offset is applied. According to Table 1, the bandwidths are 194 – 900MHz in the frequency bands. Assuming the 1.44MHz sync raster interval, approximately 135 – 625 entries will be required in order to indicate absolute sync raster positions over the entire frequency range in each frequency band. With 8 bits signalling range in RMSI-PDCCH-Config, additional scaling factor(s) which are M0=0, M1=1, and M2=2 are needed, however indication for additional offsets is not needed. Therefore, the case 2 of Table 3 can be used to indicate sync raster of cell-defining SS/PBCH block in the frequency bands.
24.25 – 100GHz frequency range
For the 24.25 – 100GHz frequency range, 17.28MHz sync raster interval is defined. In the frequency range, neither additional scaling factor nor indication of offset is needed since about 174 – 189 entries are enough to cover the entire frequency range in each band and no offset is applied. Therefore, the case 2 of Table 4 can be used to indicate sync raster of cell-defining SS/PBCH block.
[bookmark: _Ref506382941]Table 4. Scaling factors and offset for above 6GHz
	Case 1: Above 6GHz within 2.4 – 24.25GHz
	Case 2: 24.25 – 100GHz

	MSB
	
	
	LSB
	value
	scaling factor
and/or
offset
	MSB
	
	
	LSB
	value
	scaling factor
and/or
offset

	0
	0
	0
	0
	0
	N/A
	0
	0
	0
	0
	0
	N/A

	0
	0
	0
	1
	1
	N/A
	0
	0
	0
	1
	1
	N/A

	0
	0
	1
	0
	2
	N/A
	0
	0
	1
	0
	2
	N/A

	0
	0
	1
	1
	3
	N/A
	0
	0
	1
	1
	3
	N/A

	0
	1
	0
	0
	4
	N/A
	0
	1
	0
	0
	4
	N/A

	0
	1
	0
	1
	5
	N/A
	0
	1
	0
	1
	5
	N/A

	0
	1
	1
	0
	6
	N/A
	0
	1
	1
	0
	6
	N/A

	0
	1
	1
	1
	7
	N/A
	0
	1
	1
	1
	7
	N/A

	1
	0
	0
	0
	8
	N/A
	1
	0
	0
	0
	8
	N/A

	1
	0
	0
	1
	9
	N/A
	1
	0
	0
	1
	9
	N/A

	1
	0
	1
	0
	10
	N/A
	1
	0
	1
	0
	10
	N/A

	1
	0
	1
	1
	11
	N/A
	1
	0
	1
	1
	11
	N/A

	1
	1
	0
	0
	Reserved
	N/A
	1
	1
	0
	0
	Reserved
	N/A

	1
	1
	0
	1
	Reserved
	N/A
	1
	1
	0
	1
	Reserved
	N/A

	1
	1
	1
	0
	Reserved
	N/A
	1
	1
	1
	0
	Reserved
	N/A

	1
	1
	1
	1
	Reserved
	N/A
	1
	1
	1
	1
	No RMSI
	{M0=0, O0=0}



Based on the above discussions, we propose the following:
Proposal 2: The equation (1) with scaling factors and offsets in Table 3 and Table 4 should be supported to indicate the sync raster for the indication of cell-defining SS/PBCH block.

How to indicate no RMSI present within the signalling range
As we mentioned in the previous section, it should be supported to indicate no RMSI present within the signalling range. There might be several different cases to indicate no RMSI present within the signalling range [6], and separate indication might be also helpful for reduction of latency of initial access. In the previous section, in order to indicate the next sync raster for cell-defining SS/PBCH block, a part of reserved values in SSB-subcarrier-offset is used. Therefore, the remaining part of reserved values can be used to indicate several different cases separately for no RMSI present within the signalling range. The duplicated indications of the sync raster for cell-defining SS/PBCH block can be also used. For example, in the case 2 of Table 3, {M0=0, O0=0} & {255 in RMSI-PDCCH-Config} and {M1=1, O1=0} & {0 in RMSI-PDCCH-Config} indicate the same sync raster. One of two cases can be used to indicate no RMSI present within the signalling range.
Proposal 3: For indicating no RMSI present within the signalling range, the remaining reserved values in SSB-subcarrier-offset can be used. In addition, the duplicated indications of the sync raster for cell-defining SS/PBCH block can be used.

Conclusion
In this contribution, we discussed the remaining issues on the indication of cell-defining SS/PBCH block in PBCH and also how to signal the indication. Based on the discussions, we made several proposals as follows:
Proposal 1: Regarding remaining issues, we prefer the followings:
· Support the indication of absolute position for sync raster
· Support the signalling of no RMSI present within the signalling range
· Support the signalling of the ±5kHz offsets

Proposal 2: The equation (1) with scaling factors and offsets in Table 3 and Table 4 should be supported to indicate the sync raster for the indication of cell-defining SS/PBCH block.

Proposal 3: For indicating no RMSI present within the signalling range, the remaining reserved values in SSB-subcarrier-offset can be used. In addition, the duplicated indications of the sync raster for cell-defining SS/PBCH block can be used.
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